It was found that a mutant strain, K3-15, of Flavobacterium sp. 238-7 excreted menaquinone (MK) into culture mediumsupplemented with a detergent. Among174 kinds of detergent tested, a nonionic detergent, Rikanon UA5012 (polyoxyethylene oleyl ether), showed the highest ability as to induction of MKexcretion into the mediumwithout inhibiting cell growth. MK-4,which was newly formed in cells of the mutant strain, was selectively excreted into the medium,but MK-6, which was the original MKof the wild type strain, was hardly excreted. In the presence of 0.05% Rikanon UA5012, the MK-4productivity increased about 20% compared to that without the detergent, and the total amount of MKwas 39mg/1 of culture broth.
In the previous study,1) a l-hydroxy-2-naphthoate (HNA)-resistant mutant was derived from Flavobacterium sp. 238-7 having menaquinone (MK, vitamin K2)-6 as the major respiratory quinone. The mutant strain could newly produce a considerable amount of MK-4in addition to MK-6 in the cells. The MKproductivity of the mutant strain was improved by optimizing the culture conditions and it increased with the increased amount of MK-4. However, it could be considered that the MK productivity was restricted by the intracellular capacity under metabolic repression of MKbiosynthesis.
In attempts at further improvement of the MKproduction by the mutant strain, we found that cultivation in a detergent-supplemented mediumresulted in the extracellular production of MK,especially MK-4, without inhibition of the MKproductivity and growth.
In the present paper, we describe the results of screening of detergents as to induction of MKexcretion into the culture medium.
MATERIALS AND METHODS
Microorganisms. Strain K3-15, which was derived from Flavobacterium sp. 238-7 having mamiy MK.-6, was used 449 in this study as a potent MK-4producer. The strain was obtained as an HNA-resistant mutant and further endowed with resistance to usnic acid and menadione (vitamin K3).n Medium and cultivation. The glycerol-Polypepton (Daigo) mediumused as the bacterial mediumin a preceding study2) was used as the basal medium. Cultivation was carried out as described previously.3) For the screening of detergents, strain K3-15 was inoculated into 5ml of the basal medium supplemented with each of the detergents in a test tube (16.5 x 165mm), followed by incubation at 28°C with reciprocal shaking at 240rpm for 48hr. The concentrations of detergents added to the basal medium were 0.1% for nonionics, 0.01% for anionics, 0.01% for cationics and 0.01 % for amphoterics, respectively.
Extraction and determination of MK.Cells and culture fluid were separated by centrifugation of the culture broth. Cell mass. Dry cell weight (DCW) was calculated from the optical density at 610nmusing a calibration curve.
Chemicals. The nonionic, anionic, cationic and amphoteric detergents listed in Table I were kindly donated by New Japan Chemical Co., Ltd., KAOChemicals, Nippon Oil & Fats Co., Ltd., and Lion Corporation. All other chemicals were prepared or obtained as described previously. 1~4)
RESULTS
MKproduction by strain K3-15 Figure 1 shows the production of MK-4and MK-6during the cultivation of strain K3-15 in the basal medium. MK-6, which was the major MKcomponent of the wild type strain, was produced only in cells during the cultivation.
On the other hand, MK-4, which newly increased in cells of the mutant strain, wasalso detected in the culture fluid in a small amount. Effect of the detergent concentration on MK production The effects of the concentrations of Emulgen 409P and Rikanon UA5012 on the extracellular production of MKwere studied in detail (Fig. 4) . Similar results were obtained for the two detergents. Whenthe concentration of the detergent in the culture mediumwas increased, the amount of intracellular MK-4 decreased and that of extracellular MK-4increased. At a detergent concentration of more than 0.04% almost all MK-4in cells was excreted into the culture medium.However, the total amount of MK-4 in the culture broth decreased gradually with concentrations of over 0.06%. In contrast to MK-4, the amount ofMK-6 stayed almost constant, and it remained in the cells on cultivation with different detergent concentrations. The cell growth slightly decreased with an inrease in the detergent concentration.
In the presence of Rikanon UA 5012 at concentrations between 0.04% and 0.06%, the maximumamount of total MK-4, 22.5 mg/1 of A small amount of MK-4could be detected in the culture filtrate, but MK-6could not be detected at all. Oncultivation with the detergent, the peak of intracellular MK-4almost completely disappeared, and a new large peak, which showeda retention time corresponding to that of MK-4, appeared in the extracellular fraction. In both cases, MK-6 was found in the intracellular fraction but hardly at all in the extracellular fraction. The large peak component in the extracellular fraction was purified by normal and reverse phase thin layer chromatographies. The UVabsorption spectra of the compoundwas typical of MK. Cultivation and MKdetermination were carried out as described under Materials and Methods. The symbols are the same as in Fig. 1 .
Time course of MKproduction in the presence ofRikanon UA5012 Figure 6 shows the time course of MK production on cultivation in the presence of 0.05% Rikanon UA 5012. The cell growth reached the maximum level, about 10 g/l, after 
